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(54) Processing method for a workpiece

(57)  Provided is a processing method capable of ac-
curately grasping a removal rate and coping with
processing of an optical device or an optical device mold-
ing die, for which high shape accuracy is required. An
ion beam as a tool is caused to scan a workpiece as a
dummy work, and a dwell time of the tool at this time is
changed based on a linear function with respect to a
scanning position thereof and a removal rate with respect
to the continuously changed dwell time is grasped based
on an actually formed removal shape. The dwell time of
the tool is changed based on the linear function with re-
spect to the scanning position, and hence a removal rate
based on the actual removal shape can be acquired con-
tinuously from a case where a scanning speed is fast to
a case where the scanning speed is slow.
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Description

PROCESSING METHOD FOR A WORKPIECE
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method for
processing a workpiece (an object to be processed) into
an optical device or an optical device molding die by using
a tool smaller than the workpiece.

Description of the Related Art

[0002] As aprocessing method for accurately finishing
a shape of an optical device or an optical device molding
die, there is known a shape correction processing meth-
od for processing a workpiece while causing a tool such
as a polishing pad and an ion beam, which is smaller
than the workpiece, to scan the workpiece. In the shape
correction processing method, first, a shape of the work-
piece that is still unprocessed is measured, and an
amount of error of the workpiece from a target shape is
grasped in advance. The amount of error corresponds
to a target shape to be removed (target removal shape)
for approximating the shape of the workpiece to the target
shape. Further, a unit shape to be removed (unit removal
shape), which is a spotting mark per unit time of the tool,
is grasped in advance through preprocessing. The unit
removal shape defines a removal profile of the tool with
respect to the workpiece. At the same time, the unit re-
moval shape defines a removal rate indicating a relation-
ship between a dwell time of the tool and a depth or vol-
ume of such a removal shape formed in the workpiece.
[0003] Then, adwell time distribution of the tool, which
is set for approximating the shape of the workpiece to
the target shape, is calculated based on the target re-
moval shape and the unit removal shape. The tool is
caused to scan the workpiece while controlling a scan-
ning speed thereof according to the dwell time distribu-
tion, whereby the shape of the workpiece is approximated
to the target shape (refer to Japanese Patent Application
Laid-Open No. H10-337638).

[0004] The dwell time distribution is one of main factors
to determine accuracy of the shape correction process-
ing. Hence, accuracy of the removal rate for use in cal-
culating the dwell time distribution becomes a main factor
to directly influence the accuracy of the shape correction
processing.

[0005] In the conventional processing method, the re-
moval rate indicating the relationship between the dwell
time of the tool and the depth or volume of the removal
shape formed in the workpiece is defined only by the unit
removal shape. The unit removal shape is the spotting
mark per unit time, and therefore, the removal rate is
defined only by the unit time. This definition is made on
the premise that a depth of the spotting mark when the
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workpiece is processed for an arbitrary time is propor-
tional to a processing time period of the workpiece while
taking as a reference the unit removal shape that is the
spotting mark per unit time. In other words, it is premised
that the dwell time of the tool and the depth or volume of
the removal shape formed in the workpiece are in a pro-
portional relationship.

[0006] However, in the actual processing, the dwell
time of the tool and the depth or volume of the removal
shape formed in the workpiece are not always in the pro-
portional relationship. For example, in the case where a
layer like an affected layer, which is different from the
workpiece in characteristics, is formed on a superficial
layer of the workpiece, a removal rate at the time of re-
moving the layer different in characteristics is different
from that for the workpiece. Further, in the case where,
the workpiece has characteristics that a temperature of
aprocessed point thereofrises as the dwell time is longer,
and the removal rate is changed depending on the tem-
perature of the processed point, a removal rate at a po-
sition where the scanning speed is slow increases more
than that at a position where the scanning speed is fast.
As described above, in the case where the dwell time of
the tool and the depth or volume of the removal shape
formed in the workpiece are not in the proportional rela-
tionship, that is, in the case where the removal rate can-
not be represented by a linear function, accuracy is in-
sufficient by the above-mentioned method in which the
removal rate is defined only by the unit removal shape.
In particular, in processing of an optical device and an
optical device molding die, for which high shape accuracy
is required, there is a problem that the shape accuracy
cannot reach a target thereof owing to the insufficient
accuracy described above.

SUMMARY OF THE INVENTION

[0007] Itis anobjectof the presentinvention to provide
a processing method capable of stably performing high-
accuracy shape correction processing through precisely
grasping the relationship between the dwell time of the
tool and the depth or volume of the removal shape actu-
ally formed in the workpiece.

[0008] Inordertoachieve the above-mentioned object,
according to the present invention, a method for process-
ing a workpiece a tool smaller than the workpiece is
caused to scan the workpiece, the method including:
causing the tool to scan a dummy work, and processing
the dummy work while continuously changing a dwell
time of the tool so that the dwell time is a linear function
with respect to a scanning position of the tool; and meas-
uring a change of a depth or volume of a removal shape
processed in the dummy work, to thereby determine a
removal rate corresponding to a continuous change of
the dwell time of the tool, in which the workpiece is proc-
essed while controlling a scanning speed of the tool
based on a target shape of the workpiece and on the
removal rate.
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[0009] The dwell time of the tool is continuously
changed based on the linear function by using the dummy
work, whereby the removal rate can be continuously ac-
quired from a case where the scanning speed is fast to
a case where the scanning speed is slow, that is, from a
case where the dwell time is short to a case where the
dwell time is long. Even if the removal rate is non-linear
with respect to the dwell time, the removal rate can be
accurately grasped by actually measuring the change of
the removal shape, and the high-accuracy shape correc-
tion processing can be performed.

[0010] Furtherfeatures of the presentinvention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIGS. 1A and 1B are views illustrating a unit
removal shape by ion beam processing according to a
conventional example.

[0012] FIGS. 2A, 2B and 2C are views illustrating a
relationship between a removal depth and a dwell time
according to the conventional example.

[0013] FIGS. 3A and 3B are views illustrating line
processing and aremoval shape according to Example 1.
[0014] FIGS. 4A and 4B are views illustrating a rela-
tionship between a removal depth and a dwell time ac-
cording to Example 1.

[0015] FIGS. 5A and 5B are views illustrating raster
processing and aremoval shape according to Example 2.
[0016] FIGS. 6A and 6B are views illustrating a rela-
tionship between a removal depth and a dwell time ac-
cording to Example 2.

DESCRIPTION OF THE EMBODIMENTS

[0017] FIGS. 1A and 1B and FIGS. 2A to 2C are views
for illustrating a method for grasping a removal rate,
which is performed in conventional shape correction
processing. As illustrated in FIG. 1A, an ion beam 1 is
irradiated for a unit time onto a certain point on a work-
piece 2 as a dummy work for grasping a removal rate.
Then, as illustrated in FIG. 1B, a unit removal shape 3 is
formed. Note that, in the following drawings, the same
reference numerals denote the same members.

[0018] FIG. 2A is a view schematically illustrating an
enlarged cross-sectional shape of the unitremoval shape
3 formed in the dummy work. The unit removal shape 3
is measured by a shape measuring instrument in the sub-
sequent step, whereby a removal depth or volume can
be grasped. FIG. 2B is a graph showing a relationship of
such a removal depth with respect to a change of a dwell
time. The graph is drawn by using a result of measuring
a depth of the unit removal shape 3. Unit removal shape
processing data 4 is uniquely plotted based on a dwell
time 5 while the ion beam 1 is being irradiated onto the
workpiece 2 and on a removal depth 6 obtained by meas-
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uring the unit removal shape 3. In the conventional meth-
od for grasping removal rate, it is premised that the dwell
time and the depth or volume of the removal shape are
in a proportional relationship. In other words, the rela-
tionship between the dwell time and the removal depth
are represented by a straight line that passes through
the unit removal shape processing result 4 and has x and
y intersects of zero. A removal rate straight line 7 indi-
cated by solid lines in FIGS. 2B and 2C corresponds to
the straight line described above.

[0019] However,inactual, the dwell time and the depth
or volume of the removal shape are not always in the
proportional relationship. For example, in the case where
a layer like an affected layer, which is different from the
workpiece in characteristics, is formed on a superficial
layer of the workpiece, a removal rate at the time of re-
moving the layer differentin characteristics changes. Fur-
ther, in the case where, workpiece has characteristics
that a temperature of a processed point thereof rises as
the dwell time is longer, and the removal rate is changed
depending on the temperature of the processed point, a
removal rate at a position where a scanning speed is
slow is increased more than that at a position where the
scanning speed is fast.

[0020] As indicated by a broken line in FIG. 2C, in a
removal rate curve 8 when the workpiece is actually proc-
essed, there is no proportional relationship between the
dwell time and the removal depth or the removal volume.
In other words, there is a difference between the removal
rate straight line 7 and the actual removal rate curve 8.
In the conventional shape correction processing, a dwell
time distribution is calculated by using the removal rate
straight line 7. However, the actual removal depth (vol-
ume) follows the removal rate curve 8, and accordingly,
an error caused by the difference between the removal
rate straightline 7 and the removal rate curve 8 isincluded
in the dwell time distribution calculated by the conven-
tional method. In the presentinvention, the actual remov-
al rate curve 8 with respect to a continuous change of
the dwell time of a tool smaller than the workpiece is
determined, to thereby allow an accuracy increase of the
shape correction processing.

[0021] Note that, the tool smaller than the workpiece
is not limited to the ion beam, and may be a polishing
pad, magnetic fluid, an elastic emission machining (EEM)
tool, jetted liquid, etching plasma, a laser beam, or the
like.

(Example 1)

[0022] FIGS. 3A and 3B and FIGS. 4A and 4B are
views according to a processing method according to
Example 1. First, as illustrated in FIG. 3A, the ion beam
1 as the tool is caused to scan the workpiece 2 as the
dummy work along a line 10 while continuously changing
a dwell time 9 thereof based on a linear function with
respect to a scanning position thereof. In this way, the
removal shape with respect to the dwell time is deter-
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mined.

[0023] In Example 1, the ion beam 1 is used as the
tool. However, as a matter of course, the tool is not limited
to the ion beam, and a polishing pad, magnetic fluid, an
elastic emission machining (EEM) tool, jetted liquid, etch-
ing plasma, a laser beam, or the like may be used as the
tool. The workpiece 2 as the dummy work is made of the
same material as that for a workpiece to be processed
in actual processing. For example, an optical device ma-
terial including a quartz glass and a low thermal expan-
sion glass, an optical device molding die material includ-
ing cemented carbide and ceramic, or a semiconductor
material including silicon and silicon carbide may be
used.

[0024] As a method for causing the tool to scan the
workpiece, a well-known technology may be used. For
example, the workpiece 2 is retained on a table movable
in at least one axial direction, and is moved with respect
to the tool. As a matter of course, the tool may be moved
with respect to the workpiece, or the tool and the work-
piece may be moved to each other. Preferably, it is op-
timum to process with a processing device used in the
actual processing. With this, it is possible to obtain the
removal shape with respect to the dwell time more highly
accurately. In Example 1, the processing is performed
while continuously changing the dwell time 9, for exam-
ple, within a range of from a minimum value of 0.02
sec/mm to a maximum value of 20 sec/mm so that the
dwell time is a linear function with respect to a scanning
position of the line 10. The minimum value of the dwell
time 9 is determined based on the maximum moving
speed allowed for the movable table. This is because as
the moving speed of the table becomes faster, the dwell
time becomes shorter, and because when the moving
speed of the table is maximum, the dwell time is mini-
mum. For example, in the case where the maximum mov-
ing speed allowed for the movable table is 50 mm/sec,
the minimum value of the dwell time 9 assumes 0.02
sec/mm as the reciprocal of the maximum moving speed.
The table cannot move at speed more than the maximum
moving speed, and hence the dwell time cannot assume
avalue smaller than the minimum value described above.
Further, the maximum value of the dwell time 9 is deter-
mined based on the maximum removal depth estimated
for the optical device and the optical device molding die
which are subjected to shape finishing. This is because
as the desired removal depth becomes larger, the dwell
time becomes longer, and because the dwell time is max-
imum at a point requiring the maximum removal depth.
Note that, a precise removal rate cannot be grasped at
this point in time, and hence, even when the maximum
removal depth to be estimated is known, the dwell time
precisely corresponding thereto is unknown. However,
in the processing described above, it is only necessary
to form a processing shape much the same as a target
depth, and it suffices that the approximate dwell time is
set based on past cases and the like. For example, in
the case where the maximum removal depth to be esti-
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mated in shape finishing is 100 nm and the approximate
removal rate to be prospected based on the past cases
and the like is 5 nm depth/sec, the maximum value of the
dwell time 9 is set to about 100/5=20 sec/mm. When the
maximum value of the dwell time is extremely large, the
processing shape to be formed is extremely deep, which
may lead to a risk of deteriorating an accuracy of shape
measuring. Thus, it is necessary to determine the max-
imum value of the dwell time in this way based on the
maximum removal depth to be estimated in the actual
processing. Thus, the processing is performed while con-
tinuously changing the dwell time 9 within the range of
from the minimum value to the maximum value so that
the dwell time is a linear function with respect to the scan-
ning position of the line 10. FIG. 3B is a view schemati-
cally illustrating the workpiece 2 after being subjected to
such line processing. In a surface of the workpiece 2 (in
the dummy work), a line processing shape 13 as a re-
moval shape by the line processing is formed. FIG. 4A
is a view schematically illustrating an enlarged portion of
the line processing shape 13, which corresponds to a
cross-sectional shape thereof in a direction in which the
ion beam 1 performed the scanning. Here, the cross-
sectional shape is taken along a width center of the line.
The line processing shape 13 is measured by using the
shape measuring instrument in the subsequent step,
whereby a change of a removal depth or volume could
be continuously grasped. As a measuring method, a well-
known technology may be used. Typically, the shape
measuring is captured as discrete array data having grid-
like sampling pitches with equal rows and columns. A
high spatial frequency is filtered and removed in this
stage. With respect to the cross-sectional shape of the
line processing shape 13 calculated as a result of the
shape measuring, an approximate curve is determined
by a polynomial f(x). FIG. 4B illustrates a removal rate
curve 17 representing a relationship between the dwell
time and the removal depth, which was drawn by using
the dwell time 9 when the ion beam 1 scanned the work-
piece 2 along the line 10 and using a result of measuring
the depth of the line processing shape 13. As described
above, even in the case where there is no proportional
relationship between the dwell time and the depth or vol-
ume of the removal shape, the actual removal rate curve
17 with respect to the change of the dwell time could be
accurately grasped. The removal rate curve 17 can be
represented by F(t) obtained by transforming, into a dwell
time t, a position x of the polynomial f(x) approximating
the cross-sectional shape of the line processing shape
13.

[0025] By usingthe removalrate curve 17, a dwell time
distribution for performing the shape correction process-
ing for the workpiece into a target shape is calculated.
First, the shape of the workpiece before processing is
measured by the shape measuring instrument, and a
shape subjected to calculation of a difference with the
target shape, that is, a target removal shape E(x, y) is
grasped. Then, the target removal shape E(x, y) is sub-
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jected to a deconvolution operation with a unit removal
shape t(x, y) as is conventionally done, to thereby calcu-
late a tentative dwell time distribution D1(x, y). Here, the
unit removal shape t(x, y) only needs to define the re-
moval rate only by the unit time as in the conventional
way. The document "Journal of the Japan Society of Pre-
cision Engineering: 62(1996), pp.408-412" describes the
deconvolution operation in detail. Next, the obtained ten-
tative dwell time distribution D1(x, y) is multiplied by a
removal rate curve F(t), to thereby calculate a true re-
moval rate R1(x, y) at each point. Then, there is deter-
mined a true unit removal shape t1(x, y) which is sub-
jected to scaling in a depth direction so as to conform the
unit removal shape t(x, y) to the true removal rate R1(x,
y) at each point. In addition, a convolution operation is
performed on the true unit removal shape t1(x, y) atevery
processing position with respect to the tentative dwell
time distribution D1(x, y), to thereby calculate a prospect
removal shape C1(x, y).

[0026] The prospect removal shape C1(x, y) is an ac-
tual removal shape in the case of performing the process-
ing using the tentative dwell time distribution D1(x, y).
Here, the tentative dwell time distribution D1(x, y) is cal-
culated with the removal rate being defined only by the
unit time, and hence there is naturally a large difference
between the prospect removal shape C1(x, y) and the
target removal shape E(x, y).

[0027] Inthiscontext, the difference betweenthe target
removal shape E(x, y) and the prospect removal shape
C1(x, y) is obtained, and thus an error shape E1(x, y) is
grasped. Then, with respect to the error shape E1(x, y),
a cycle of the deconvolution operation, the multiplication
of the removal rate curve F(t), the calculation of the true
unit removal shape, and the convolution operation is sim-
ilarly performed. In other words, a second tentative dwell
time distribution D2(x, y) and a second error shape E2
(x, y) are calculated.

[0028] In the following, calculation is performed in a
similar procedure, and, after an nth error shape En(x, y)
becomes smaller than a predetermined error, the calcu-
lation is terminated. Here, the predetermined error is de-
termined depending on a shape accuracy required for
the workpiece. For example, in the case where the shape
accuracy required for the workpiece is 0.1 nmRMS, it is
desirable that the error at the time of terminating the cal-
culation be about 0.01 nmRMS being one-tenth of the
shape accuracy.

[0029] Finally, all of the calculated tentative dwell time
distributions D1(x, y), D2(x, y),,, Dn(x, y) are combined,
and thus a true dwell time distribution D(x, y) with the
removal rate curve F(t) being taken into account is cal-
culated.

[0030] By using the true dwell time distribution D(x, y)
calculated as described above, a behavior of the movable
table is NC-controlled using a well-known technology,
and the shape correction processing as the actual
processing of the workpiece is performed. In the true
dwell time distribution D(x, y), the removal rate curve F
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(t) is taken into account, and hence it is possible to realize
the processing more highly accurate than conventional
shape correction processing.

[0031] As described above, such a high-accuracy
dwell time distribution is calculated based on the removal
rate more approximate to the actual rate, and the scan-
ning speed of the ion beam 1 is controlled, whereby
processing accuracy of the shape correction processing
could be enhanced.

[0032] Theline 10is illustrated as a straight one. How-
ever, as long as the change of the removal depth (vol-
ume) can be continuously grasped, the line 10 may be
an arbitrary line such as a curve or a rectangular line, or
may have a form obtained by processing a certain area.

(Example 2)

[0033] FIGS. 5A and 5B and FIGS. 6A and 6B are
views according to Example 2. In Example 2, as illustrat-
ed in FIG. 5A, the ion beam 1 as the tool is caused to
scan the workpiece 2 as the dummy work along a raster
scanning trace 20 while continuously changing the dwell
time 9 thereof so that the dwell time 9 is a linear function
with respect to a scanning position thereof, and thus the
removal shape with respect to the dwell time is deter-
mined. In Example 2, the ion beam 1 is used as the tool.
However, as a matter of course, the tool is not limited to
the ion beam, and a polishing pad, magnetic fluid, an
elastic emission machining (EEM) tool, jetted liquid, etch-
ing plasma, a laser beam, or the like may be used as the
tool.

[0034] The workpiece 2 as the dummy work is made
of the same material as that for a workpiece to be proc-
essed in actual processing. For example, an optical de-
vice material including a quartz glass and a low thermal
expansion glass, an optical device molding die material
including cemented carbide and ceramic, or a semicon-
ductor material including silicon and silicon carbide may
be used.

[0035] As a method for causing the tool to scan the
workpiece, a well-known technology may be used. For
example, the workpiece 2 is retained on a table movable
in at least two axial directions, and is moved with respect
to the tool. As a matter of course, the tool may be moved
with respect to the workpiece, or the tool and the work-
piece may be moved to each other. Preferably, it is op-
timum to process with a processing device used in the
actual processing. With this, it is possible to obtain the
removal shape with respect to the dwell time more highly
accurately.

[0036] It is preferred that a raster pitch (distance be-
tween adjacent scanning lines) of the raster scanning
trace 20 be conformed to a raster pitch in the actual
processing. This is because a removal rate curve in a
state more approximate to the actual processing can be
obtained.

[0037] InExample2,the processingis performedwhile
continuously changing the dwell time 9, for example,
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within a range of from a minimum value of 0.02 sec/mm
to a maximum value of 5 sec/mm so that the dwell time
is a linear function with respect to a scanning position of
the raster scanning trace 20.

[0038] The minimum value of the dwell time 9 is deter-
mined based on the maximum moving speed allowed for
the movable table. This is because as the moving speed
of the table becomes faster, the dwell time becomes
shorter, and because when the moving speed of the table
is maximum, the dwell time is minimum. For example, in
the case where the maximum moving speed allowed for
the movable table is 50 mm/sec, the minimum value of
the dwell time 9 assumes 0.02 sec/mm as the reciprocal
of the maximum moving speed. The table cannot move
at speed more than the maximum moving speed, and
hence the dwell time cannot assume a value smaller than
the minimum value described above.

[0039] Further, the maximum value of the dwell time 9
is determined based on the maximum removal depth es-
timated for the optical device and the optical device mold-
ing die which are subjected to shape finishing. This is
because as the desired removal depth becomes larger,
the dwell time becomes longer, and because the dwell
time is maximum at a point requiring the maximum re-
moval depth. Note that, a precise removal rate cannot
be grasped at this point in time, and hence, even when
the maximum removal depth to be estimated is known,
the dwell time precisely corresponding thereto is un-
known. However, in the processing described above, it
is only necessary to form a processing shape much the
same as a target depth, and it suffices that the approxi-
mate dwell time is set based on past cases and the like.
For example, in the case where the maximum removal
depth to be estimated in shape finishing is 100 nm, the
approximate removal rate to be prospected based on the
past cases and the like is 5 nm depth/sec, and the number
of times for the tool 1 passing one point on the workpiece
2 due to overlapping of raster scanning is four, the max-
imum value of the dwell time 9 is set to about 100/5/4=5
sec/mm. When the maximum value of the dwell time is
extremely large, the processing shape to be formed is
extremely deep, which may lead to a risk of deteriorating
an accuracy of shape measuring. Thus, it is necessary
to determine the maximum value of the dwell time in this
way based on the maximum removal depth to be esti-
mated in the actual processing. Thus, the processing is
performed while continuously changing the dwell time 9
within the range of from the minimum value to the max-
imum value so that the dwell time is a linear function with
respect to the scanning position of the raster scanning
trace 20. FIG. 5B is a view schematically illustrating the
workpiece 2 after being subjected to such raster process-
ing. In the surface of the workpiece 2, a raster processing
shape 23 as a removal shape by the raster scanning is
formed. FIG. 6A is a view schematically illustrating an
enlarged portion of the raster processing shape 23, which
corresponds to a cross-sectional shape thereof in a di-
rection in which the ion beam 1 performed the raster
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scanning. Here, the cross-sectional shape is taken along
the width center of the raster. The raster processing
shape 23 is measured by using the shape measuring
instrument in the subsequent step, whereby a change of
a removal depth or volume could be continuously
grasped. As a measuring method, a well-known technol-
ogy may be used. Typically, the shape measuring is cap-
tured as discrete array data having grid-like sampling
pitches with equal rows and columns. A high spatial fre-
quency is filtered and removed in this stage.

[0040] Withrespect to the cross-sectional shape of the
raster processing shape 23 calculated as a result of the
shape measuring, an approximate curve is determined
by a polynomial f(x). FIG. 6B illustrates a removal rate
curve 27 representing a relationship between the dwell
time and the removal depth, which is drawn by using the
dwell time 9 when the ion beam 1 raster-scanned the
workpiece 2 and using a result of measuring the depth
of the raster processing shape 23. As described above,
even in the case where there was no proportional rela-
tionship between the dwell time and the depth or volume
of the removal shape, the actual removal rate curve 27
with respect to the change of the dwell time could be
grasped.

[0041] The removal rate curve 27 can be represented
by F(t) obtained by transforming, into a dwell time t, a
position x of the polynomial f(x) approximating the cross-
sectional shape of the raster processing shape 23.
[0042] By usingthe removalrate curve 27, a dwell time
distribution for performing the shape correction process-
ing for the workpiece into a target shape is calculated.
First, the shape of the workpiece before processing is
measured by the shape measuring instrument, and a
shape subjected to calculation of a difference with the
target shape, that is, a target removal shape E(x, y) is
grasped. Then, the target removal shape E(x, y) is sub-
jected to a deconvolution operation with a unit removal
shape t(x, y) as is conventionally done, to thereby calcu-
late a tentative dwell time distribution D1(x, y). Here, the
unit removal shape t(x, y) only needs to define the re-
moval rate only by the unit time as in the conventional
way. The document "Journal of the Japan Society of Pre-
cision Engineering: 62(1996)408" describes the decon-
volution operation in detail. Next, the obtained tentative
dwell time distribution D1(x, y) is multiplied by a removal
rate curve F(t), to thereby calculate a true removal rate
R1(x, y) at each point. Then, there is determined a true
unit removal shape t1(x, y) which is subjected to scaling
in a depth direction so as to conform the unit removal
shape t(x, y) to the true removal rate R1(x, y) at each
point. In addition, a convolution operation is performed
onthe true unitremoval shape t1(x, y) at every processing
position with respect to the tentative dwell time distribu-
tion D1(x, y), to thereby calculate a prospect removal
shape C1(x, y).

[0043] The prospect removal shape C1(x, y) is an ac-
tual removal shape in the case of performing the process-
ing using the tentative dwell time distribution D1(x, y).
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Here, the tentative dwell time distribution D1(x, y) is cal-
culated with the removal rate being defined only by the
unit time, and hence there is naturally a large difference
between the prospect removal shape C1(x, y) and the
target removal shape E(x, y).

[0044] Inthis context, the difference betweenthe target
removal shape E(x, y) and the prospect removal shape
C1(x, y) is obtained, and thus an error shape E1(x, y) is
grasped. Then, with respect to the error shape E1(x, y),
a cycle of the deconvolution operation, the multiplication
of the removal rate curve F(t), the calculation of the true
unit removal shape, and the convolution operation is sim-
ilarly performed. In other words, a second tentative dwell
time distribution D2(x, y) and a second error shape E2
(x, y) are calculated.

[0045] In the following, calculation is performed in a
similar procedure, and, after an nth error shape En(x, y)
becomes smaller than a predetermined error, the calcu-
lation is terminated. Here, the predetermined error is de-
termined depending on a shape accuracy required for
the workpiece. For example, in the case where the shape
accuracy required for the workpiece is 0.1 nmRMS, it is
desirable that the error at the time of terminating the cal-
culation be about 0.01 nmRMS being one-tenth of the
shape accuracy.

[0046] Finally, all of the calculated tentative dwell time
distributions D1(x, y), D2(x, y),,, Dn(x, y) are combined,
and thus a true dwell time distribution D(x, y) with the
removal rate curve F(t) being taken into account is cal-
culated.

[0047] By using the true dwell time distribution D(x, y)
calculated as described above, a behavior of the movable
table is NC-controlled using a well-known technology,
and the shape correction processing as the actual
processing of the workpiece is performed. In the true
dwell time distribution D(x, y), the removal rate curve F
(t) is takeninto account, and hence itis possible to realize
the processing more highly accurate than conventional
shape correction processing.

[0048] Asdescribedabove, ahigh-accuracy dwelltime
distribution is calculated based on the removal rate more
approximate to the actual rate, and the scanning speed
of the ion beam 1 is controlled, whereby processing ac-
curacy of the shape correction processing can be en-
hanced.

[0049] In particular, a scanning mode of the shape cor-
rection processing and a scanning mode of the method
for grasping the removal rate conform to each other in
the raster scanning, and hence the processing accuracy
of the shape correction processing can be further en-
hanced.

[0050] Whilethe presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
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[0051] Providedis a processing method capable of ac-
curately grasping a removal rate and coping with
processing of an optical device or an optical device mold-
ing die, for which high shape accuracy is required. An
ion beam as a tool is caused to scan a workpiece as a
dummy work, and a dwell time of the tool at this time is
changed based on a linear function with respect to a
scanning position thereof and a removal rate with respect
to the continuously changed dwell time is grasped based
on an actually formed removal shape. The dwell time of
the tool is changed based on the linear function with re-
spect to the scanning position, and hence a removal rate
based on the actual removal shape can be acquired con-
tinuously from a case where a scanning speed is fast to
a case where the scanning speed is slow.

Claims

1. A method for processing a workpiece in which a tool
smaller than the workpiece is caused to scan the
workpiece, the method comprising:

causing the tool to scan a dummy work, and
processing the dummy work while continuously
changing a dwell time of the tool so that the dwell
time is a linear function with respect to a scan-
ning position of the tool;

measuring a change of a depth or volume of a
removal shape processed in the dummy work,
tothereby determine aremoval rate correspond-
ing to a continuous change of the dwell time of
the tool; and

processing the workpiece while controlling a
scanning speed of the tool based on a target
shape of the workpiece and on the removal rate.

2. The method according to claim 1, wherein a scan-
ning mode of the tool comprises raster scanning.
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